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® Circuit devices and fabrication method of the same. 



® A supporting member or first synthetic resin 
sheet with conductive bumps disposed at predeter- 
mined positions are superposed on a second syn- 
thetic resin sheet under the condition tiiat the resin 
component of the second synthetic resin sheet is 
plastic deformed or the temperature thereof exceeds 
a glass transition temperature so that the conductive 
bumps are pierced into the second synthetic resin 
sheet. In other words, the conductive bumps are 
pierced vertically into the second synthetic resin 
sheet so as to form through-type conducive lead 



portions exposed to the first (supporting substrate) 
and second synthetic resin sheets. The through-type 
conductive lead portions are used to electrically con- 
nect electric devices and circuit and to connect 
wiring pattern layers. The conductive bumps can be 
precisely and densely formed and disposed by print- 
ing method or plating method. The conductive 
bumps can be pushed and pierced into the second 
synthetic resin sheet. Moreover, the conductive 
bumps can be properly electrically connected to an. 
opposed conductive layer. Thus, the circuit compo- 
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nent provides high reliability and contributes to high 
yield and fabrication efficiency. 
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The present invention relates to circuit devices 
such as inter-connectors that effectively connect 
electronic devices and form electronic circuits, and 
printed wiring boards that densely connect lines 
and components and a fabrication method thereof 
that can reduce the number of fabrication steps 
and contribute to improving the yield of fabrication. 

When electronic devices and a printed wiring 
board are connected or printed wiring boards are 
connected, they may be occasionally connected in 
the direction of thickness (namely, vertical direction 
or laminating direction) thereof. As connecting 
means in the vertical direction or laminating direc- 
tion (namely, inter-connector technology), an an- 
isotropic conductive adhesive agent Is known. The 
anisotropic conductive adhesive agent is made by 
dispersing fine conductive particles in an adhesive 
sheet. When the anisotropic conductive adhesive 
agent sheet is pressed in the direction of thickness 
thereof with a predetermined force, the pressed 
region shows for only vertical direction conductiv- 
ity. With the characteristics of the anisotropic con- 
ductive adhesive agent, for example glass cells of 
a liquid crystal device and a flexible wiring board 
are electrically connected. In reality, anisotropic 
conductive adhesive agent is placed between the 
glass cells of the liquid crystal device and the 
flexible wiring board. Then the glass cells and the 
flexible wiring substrate are and pressed while 
heating, and they are adhered together. This is 
because, conductive particles in the anisotropic 
conductive adhesive agent are electrically connect- 
ed to the wiring pattern of the flexible wiring board 
and the glass cell through one particle or plural 
particles. 

As means for electrically connecting electronic 
devices, lines are electrically connected to elec- 
tronic devices disposed on the surface of a printed 
wiring boar6 by using an anisotropic conductive 
adhesive agent. In this case, the electronic devices 
can be two-dimensionally connected over the print- 
ed wiring board. 

In a printed wiring board, namely a double- 
sided printed wiring board or multi-layer printed 
wiring board, wiring layers such as double-sided 
conductive patterns are electrically connected in 
the following method. In the case of a double-sided 
printed wiring board, a double-sided copper clad 
substrate is drilled at predetermined positions. AH 
the surfaces of the substrate including the inner 
hole walls are chemically plated and then elec- 
trically plated so as to form a conductive layer. The 
conductive layer is electrically plated so as to 
thicken the conductive layer. Thus, the reliability of 
the electrical connections of the wiring layers is 
completed. 

In the case of a multi-layer printed wiring 
board, copper foils layered over both the surfaces 



of the board are patterned so as to fabricate a 
double-sided wiring board. Other copper foils are 
laminated on the double-sided wiring board through 
respective insulating sheets (or prepregs). By heat- 

5 ing and pressuring, the copper foils are incor- 
porated into the board. Similar when prepreg and 
described double sided circuit board these thing 
make one body with the double-sided printed wir- 
ing board, the board is drilled and plated so as to 

10 electrically connect the wiring layers each other. 
Further the outer copper foils are patterned. Thus, 
the fabrication of the four-layer printed wiring board 
is completed. A multi-layer printed wiring board 
with more wiring layers can be fabricated by in- 

75 creasing the number of double-sided printed wiring 
boards. 

As a fabrication method of the printed wiring 
. board, a method that electrically connects wiring 
layers each other without a plating process is 

20 known, in detail, a double-sided copper clad sub- 
strate Is punched or drilled so as to form holes at 
predetermined positions. The punched or drilled 
holes are poured with conductive paste by for 
example printing method. A resin component of the 

26 conductive paste is hardened so as to electrically 
connect the wiring layers each other. 

However, the circuit devices (such as above- 
mentioned inter-connectors, and printed wiring 
boards) and the fabrication method thereof have 

30 the following problems. When an anisotropic con- 
ductive adhesive agent is used in the inter-connec- 
tor technology for connections in vertical direction 
or laminating direction, connecting resistance is 
generally high. Thus, the inter-connector technol- 

35 ogy is not suitable for connections in electric cir- 
cuits that require low electric resistance. In other 
words, electric connections that use the above- 
mentioned anisotropic conductive adhesive agent 
are restricted. 

40 On the other hand, in the case of the printed 

wiring board with wiring layers that are electrically 
connected by plating method and the fabrication 
method, wails of drilled holes that electrically con- 
nect wiring layers should be plated. Thus, the 

45 fabrication process of the printed wiring boards 
redundantly becomes long and the process man- 
agement becomes complicated. In addition, when 
conducive paste is poured in holes that electrically 
connect wiring layers each other by a printing 

60 method, the punching or drilling process is re- 
quired as with the plating method. Moreover, it Is 
difficult to equally pour the conductive paste in the 
punched or drilled holes. In addition, the reliability 
of the resultant electrical connections is low. Thus, 

55 the drilling process, plating process, and the like 
adversely affect the cost, yield, and so forth of the 
final printed wiring t)oards. 
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In the case of the printed wiring board with 
wiring layers that are electrically connected each 
other, holes for conductors which connect wiring 
layers each other are formed on both front and rear 
surfaces of the printed wiring board. Thus, circuit 
lines and electronic devices cannot be formed and 
disposed at the hole positions. In other words, the 
holes adversely affect the improvement of mount- 
ing density of electronic devices and lines. That is, 
the printed wiring boards fabricated by the conven- 
tional method are not suitable for high density of 
lines and circuit devices. Thus, practical printed 
wiring boards and fabrication method thereof that 
satisfy high density of lines and circuit devices with 
low cost are being required. 

A first object of the present invention is to 
provide a circuit device (Inter-connector) that con- 
nects electronic devices with simple construction 
and high reliability. 

A second object of the present invention Is to 
provide a circuit device (inter-connector) that con- 
nect terminals of electronic devices with simple 
construction and high density. 

A third object of the present invention is to 
provide a circuit device (printed wiring board) that 
has dense circuit lines and mount electronic de- 
vices in a simple process. 

A fourth object of the present invention is to 
provide a fabrication method of a circuit device 
(printed wiring board) that has dense circuit lines in 
a simple process. 

A fifth object of the present invention is to 
provide a fabrication method of a printed wiring 
board that has dense mount electronic devices in a 
simple process. 

A sixth object of the present invention is to 
provide a fabrication method of a printed wiring 
board with a high reliability in a simple process. 

A seventh object of the present invention is to 
provide a fabrication method of a printed wiring 
board with a high quality, a high yield, and a high 
reliability in a simple process. 

An inter-connector as a circuit device accord- 
ing to the present invention, comprising a synthetic 
resin as a supporting member, reinforced with an 
insulating cloth or mat. and neariy circular cone 
shaped conductive bumps pierced vertically into 
the synthetic resin supporting member and spaced 
apart from each other, wherein a bottom surface of 
each of the circular cone shaped conductive 
bumps is flatly exposed on one main surface of the 
synthetic resin supporting member and top por- 
tions of the circular cone shaped conductive 
bumps protrude from other surface of the synthetic 
resin supporting member. 

A printed wiring board as a circuit device ac- 
cording to the present invention comprises a syn- 
thetic resin sheet reinforced with an Insulating clotii 



or mat, circular cone shaped conductive bumps 
pierced vertically into the synthetic resin sheet and 
spaced apart from each other, and a wiring pattern 
connected to the exposed edges of the conductive 

5 bumps, wherein the t)ottom surfaces of the conduc- 
tive bumps are exposed flatly to one main surface 
of the synthetic resin sheet and the top portions of 
the conductive bumps are exposed to the other 
surface of the synthetic resin sheet, the exposed 

10 portions connected to a wiring layer (wiring pattern) 
being deformed. 

A fabrication method of a first circuit device 
according to the present invention comprises the 
steps of: forming conductive bumps at predeter- 

15 mined positions on at least one main surface of a 
synthetic resin sheet; and pressuring the main sur- 
face of the synthetic resin sheet with the conduc- 
tive bumps and piercing the conducive bumps ver- 
tically into the synthetic resin sheet so as to form 

20 through-type conductive lead portions. 

A fabrication method of a second circuit device 
according to the present invention comprises the 
steps of: 

superposing a main surface of a synthetic resin 
25 sheet on a main surface of a supporting member 
with conductive bumps disposed at predetermined 
positions so as to form a laminate; and 

pressuring the laminate and piercing the con- 
ductive bumps vertically into the synthetic resin 
30 sheet so as to form through-type conductive wiring 
portions. 

A fabrication method of a tiiird circuit device 
according to the present invention comprises the 
steps of: superposing a main surface of a synthetic 

35 resin sheet on a main surface of a conductive 
metal foil with conductive bumps disposed at pre- 
determined positions so as to form a laminate; 
pressuring the laminate and piercing the conduc- 
tive bumps vertically into the synthetic resin sheet 

40 so as to form through-type conductive wiring por- 
tions; and etching a conductive metal foil of the 
laminate witii the ttirough-type conductive lead por- 
tions so as to form a wiring pattem that is con- 
nected to the through-type conductive lead por- 

45 tions. 

A fabrication metiiod of a fourth circuit device 
according to the present invention, comprising the 
steps of superposing a main surface of a syntiietic 
resin sheet on a main surface of a supporting 

50 member with conductive bumps disposed at pre- 
determined positions so as to form a laminate, 
superposing an elastic or flexible member on syn- 
thetic resin sheet of the laminate, heating the lami- 
nate until a resin component of the synthetic resin 

55 sheet is plastic deformed or the temperature of the 
laminate exceeds a glass transition temperature, 
pressuring the supporting member as a primary 
pressuring process so as to pierce top portions of 
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the conductive bumps vertically into the synthetic 
resin sheet, superposing a conductive metal foil on 
the synthetic resin sheet where the top portions of 
the conductive bumps are exposed, pressuring the 
superposed member as a secondary pressuring 
process and thereby deforming top portions of the 
conductive bumps and connecting the top portions 
to the conductive metal foil so as to form through- 
type conductive lead portions, and etching the con- 
ductive metal foil of the laminate with the through- 
type conductive wiring portions so as to form a 
wiring pattern connected to the through-type con- 
ductive lead portions. 

A fabrication method of a fifth wiring device 
according to the present invention, comprising the 
steps of superposing a main surface of a synthetic 
resin sheet on a main surface of a supporting 
member with a plurality of conductive bumps dis- 
posed at predetermined positions to form a lami- 
nate, superposing an elastic or flexible member on 
the synthetic resin sheet of the laminate, through a 
thin film with low expanding characteristic and easi- 
ly breaking characteristic, 

heating the superposed member until a resin 
component of the synthetic resin sheet is plastic 
deformed or the temperature of the laminate ex- 
ceeds a glass transition temperature, pressuring 
the supporting member as a primary pressuring 
process so as to pierce top portions of the conduc- 
tive bumps vertically into the synthetic resin sheet, 
superposing a conductive metal foil on the syn- 
thetic resin sheet where the top portions of the 
conductive bumps are exposed, pressuring the 
superposed member as a secondary pressuring 
process and thereby deforming top portions of the 
conductive bumps and connecting the top p)ortions 
to the conductive metal foil so as to form through- 
type conductive lead portions, and etching the con- 
ductive metal foil of the laminate with the through- 
type conductive lead portions so as to form a 
wiring pattern connected to the through-type con- 
ductive wiring portions. 

A fabrication method of a sixth wiring device 
according to the present Invention, comprising the 
steps of superposing a main surface of a prepreg 
sheet having a substrate of cloth whose pitch (a 
distance between yams) and a synthetic resin is 
larger than a diameter of a conductive bump on a 
main surface of a supporting member with a plural- 
ity of conductive bumps disposed at predetermined 
positions to form a laminate, superposing an elastic 
or flexible member to be pressurized on the 
prepreg sheet of the laminate, heating the super- 
posed member until the synthetic resin of the 
prepreg sheet is deformed or the temperature of 
the synthetic resin exceeds a glass transition tem- 
perature, pressuring the laminate from the support- 
ing member side as a primary pressuring process 



so as to pierce a plurality of top portions of the 
conductive lead portions vertically into the prepreg 
sheet and to expose the plurality top portions 
thereof, superposing a conductive metal foil on the 

5 surface where the plurality of tip portions of the 
conductive bumps are exposed, pressuring the 
superposed member as a secondary pressuring 
process and thereby deforming the top portions of 
the conductive bumps and connecting the top por- 

70 tions to the conductive metal foil to form through- 
type conductive wiring portions, and etching the 
conductive foil of the laminate with the through- 
type conductive portions so as to form a wiring 
pattern connected to the through-type conductive 

75 wiring portions. 

According to the present invention, examples 
of a supporting member with conductive bumps are 
a peelable synthetic resin sheet and conductive 
sheet (foil). According to the present invention, the 

20 shape of conductive bumps is not limited to the 
specific shape. Thus, the top portions of the con- 
ductive bumps may be formed in neariy circular 
cone shape. The supporting member may be a 
single sheet or patterned. The shape of the sup- 

25 porting member is not limited. In addition, the 
conductive bumps may be formed over both main 
surfaces of the supporting member instead of one 
main surface thereof. The conductive bumps may 
be formed directly in a protruded state on a main 

30 surface of the synthetic resin sheet. Thereafter, the 
conductive bumps may be pressured so that they 
are vertically emt>edded into the synthetic resin 
sheet. 

The nearly circular cylinder shaped conductive 

35 bumps and other shaped conductive bumps are 
preferably made of a material that causes them to 
be pierced into the synthetic resin sheet in a pri- 
mary pressuring process where the resin compo- 
nent of the synthetic resin sheet is plastic de- 

40 formed or the temperature of the synthetic resin 
sheet exceeds a glass transition temperature and 
that causes the top portions of the conductive 
bumps to be plastic deformed in a secondary pres- 
suring process. Examples of this material are con- 

45 ductive compounds and conductive metals such as 
silver, gold, copper, solder and alloy thereof. The 
conductive compounds are made by mixing con- 
ductive powder of silver, gold, copper, solder, alloy 
powder thereof, or complex metal powder with a 

50 single or complex resin of a binder component 
such as polycarbonate resin, polysulfone resin, 
polyester resin, epoxy resin melamine resin, 
phenoxy resin, phenol resin, and polyimide resin. 
The conductive bumps with a high aspect ratio 

55 are formed of a conductive compound by printing 
method using a relative thick metal mask. The 
height of the conductive bumps are preferably in 
the range from 50 to 500 urn. The height of the 
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conductive bumps may be the height to be pierced 
into one synthetic resin sheet layer and/or two or 
more synthetic resin sheet layers. 

In the case of the nearly circular cone shaped 
conductive bumps, the height thereof may be in 
the range from 20 to 500 um. When the conductive 
bumps are pressured and pierced into a synthetic 
resin sheet reinforced with a glass cloth or mat, an 
organic synthetic fiber cloth or mat, or a paper, the 
conductive bumps can thrust such fibers aside. 
Thus, top portions of the nearly circular cone 
shaped conductive bumps can be easily exposed 
on the other main surface of the synthetic resin 
sheet. Thus, since the conductive bumps thrust the 
fibers aside, most of the fibers are not broken. 
Consequently, occurrences of migration can be re- 
markably prevented. In other words, when the cir- 
cular cone shaped conductive bumps are used as 
conductive connecting parts for connecting be- 
tween wiring layers, since fibers of a reinforcement 
member contained in the synthetic resin sheet are 
less broken, occurrence of migration between each 
conductive connecting parts can be prevented, 
thereby improving the quality of a resultant printed 
wiring board. In the case of the nearly circular cone 
shaped conductor bumps, the top portions of the 
conductive bumps pierced into the synthetic resin 
sheet and exposed to the other main surface there- 
of are sharp. Thus, when a conductive thin film that 
forms a wiring layer {wiring pattern) is pressed, the 
top portions of the nearly circular cone shaped 
conductor bumps are plastic deformed with a high 
pressure. At this point, active metal surfaces take 
place both on the nearly circular cone shaped 
conductor bumps and the pressure receiving sur- 
faces. In other words, metals that do not contain 
impurities are reliability joined with each other. In 
addition, since the nearly circular cone shaped 
conductive bumps are plastic deformed, a thin ox- 
ide layer (with a thickness of one micrometer or 
less) is broken by the top portions of the conduc- 
tive bumps and thereby new metal surfaces are 
easily exposed. Thus, the following advantages can 
be expected. For example, when a copper foil that 
has been treated with cremate (for anticorrosion). 
epoxysllane and aminosilane (for improving adhe- 
sive or closely contact characteristk:s to an insulat- 
ing layer) is used as a conductive thin film that 
forms a wiring layer, the copper foil provides re- 
quired electric connections in the conductive con- 
necting portion and contacting and etching char- 
acteristics in tiie wiring region. Thus, the decrease 
of peel strength can be prevented. The improve- 
ments in the peel strength and the migration is 
especially effective for high-density wiring with 
finer wiring width. 

As a means for forming nearly circular cone 
shaped conductive bumps with a conductive metal. 



a gold or copper wire is pushed to a predetermined 
position on a supporting member such as a copper 
foil with a tool such as a wire bonder and drawn 
from the tool. Thus, nearly circular cone shaped 

6 conductor bumps with sharp top portions can be 
formed. As another method, a molten metal is 
poured to a plate having concaves corresponding 
to nearly circular cone shaped conductive bumps 
so as to form the nearly circular cone shaped 

10 conductive bumps. As a further means, a pho- 
tosensitive resist is thickly coated on a supporting 
sheet. After the supporting sheet is exposed from a 
supporting sheet side, concaves with sharp top 
portions Is formed. After the supporting sheet is 

76 removed, a metal film is superposed on the surface 
where the supporting sheet was removed. Copper, 
gold, silver, or solder is plated on the metal film so 
as to form small nearly circular cone shaped con- 
ductive bumps at predetermined positions. 

20 To form conductive bumps with a conductive 

metal, there are following means, (a) Small metal 
particles with almost same shape or size are dis- 
persed over a supporting member having an adhe- 
sive layer and selectively adhered (with a mask if 

25 necessary), (b) When a copper foil is used for a 
supporting member, a plating resist is printed so as 
to pattern. Thereafter copper, tin. gold, silver, or 
solder is plated thereon so as to form small metal 
columns (bumps), (c) A solder resist is coated on a 

30 supporting member so as to pattern it. The coated 
plate is dipped in a solder bath so as to selectively 
form small metal columns (bumps). The conductive 
bumps may be formed of a combination of different 
metals as a multiple layer construction or multiple 

35 shell construction. For example, the conductive 
bumps may be formed of copper coated with a 
gold or silver layer so as to provide acid oxidation 
characteristics. As another construction, the con- 
ductive bumps may be formed of copper that is 

40 coated with a solder layer so as to provide solder 
connecting characteristics. According to the 
present invention, when the nearly circular cone 
shaped conductive bumps and the other shaped 
conductive bumps are formed of a conductive 

46 compound, the number of fabrication steps is lower 
than that in plating method or the like. Thus, tiie 
present invention is effective in reducing the fab- 
rication cost. 

In this example, an example of the syntiietic 

50 resin sheet into which the nearly circular cone 
shaped conductor bumps and other shaped con- 
ductive bumps pierce and thereby forms through- 
type conductive portions and conductive wiring 
portions is a thermoplastic resin film (sheet). The 

56 thickness of the synthetic resin sheet is preferably 
in the range fi-om 50 to 800 am. Examples of tiie 
thermoplastic resin sheet are vinyl chloride resin, 
polyester resin, polyether imide resin, poly- 
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propylene resin, polyphenylene sulfide resin, poly- 
phenylene oxide resin, polycarbonate resin, poly- 
sutfone resin, Thernnoplastic polyimlde resin, poly- 
tetrafluoro-ethylene resin, polyhexafluoropropylene 
resin, and polyetheretherketone resin, polybutylene 
terephthalate resin, polyether sulfone resin, and 
polymetylpentene resin. Examples of thermosetting 
resin or rubber that is kept in unhardened state 
before thermosetting are epoxy resin, bis-maleimid- 
triazine resin, polyimide resin, phenol resin, polyes- 
ter resin, melamine resin, polyphenylene oxide res- 
in, and butadiene rubber, butyl rubber, natural rub- 
ber, chloroprene rubber, and silicone rubber. These 
synthetic resin sheets may be directly used or 
contain insulating inorganic or organic filler. In addi- 
tion, these synthetic resin sheets may be rein- 
forced with a glass cloth or mat, an organic syn- 
thetic resin cloth or mat, or a paper. 

When a laminate that is made by superposing 
main surface of a synthetic resin sheet on a main 
surface of a supporting member with nearly circular 
cone shaped conductive bumps or other shaped 
conductive bumps is pressured, (as a primary pres- 
suring process), the material of a base plate (sup- 
porting member) on which the laminate Is placed is 
preferably a metal plate that is less deformed or a 
heat resisting resin plate. Examples of the base 
plate are stainless steel plate, titanium plate, nickel 
plate, brass plate, polyimide resin plate (sheet), 
and fluoro resin plate (sheet). 

In the primary pressuring process, the laminate 
is heated while the resin component thereof be- 
comes soft. Thus, the conductive bumps can be 
properly pierced into the synthetic resin sheet. 

When a laminate that is made by superposing 
main surface of a synthetic resin sheet (including a 
prepreg sheet) on a main surface of a supporting 
member with conductive bumps is heated and 
pressured (as a primary pressuring process), a 
pressure receiving member should be selected 
from the materials that are elastically deformed in 
the primary pressuring process. This is because 
when the pressure receiving member that is elas- 
tically deformed is pressured in the primary pres- 
suring process, the top portions of the conductive 
bumpers are easily and securely inserted into the 
synthetic resin sheet whose resin component Is 
plastic deformed or that is heated at a temperature 
exceeding a glass transition temperature. Further, 
when a thin film with low expanding characteristics 
and high breaking characteristics such as an alu- 
minum foil is interposed between the pressure re- 
ceiving member and the synthetic resin sheet, the 
top portions of the conductive bumps are more 
easily and securely pierced into the synthetic resin 
sheet. These facts were revealed by experiments. 
The above-mentioned requirements for the pres- 
sure receiving substance are also applied to the 



following construction. In this case, conductive 
bumps are formed on a main surface of a synthetic 
resin sheet. The conductive bumps are pushed into 
the synthetic resin sheet. Thus, required conduc- 
5 tive connecting portions are formed. 

The primary pressuring process is preferably 
carried out as follows: a supporting member with 
conductive bumps and a synthetic resin sheet are 
drawn from rollers respectively, and they are 

70 passed through between a pair of rollers while 
being subjected to pressure. One of the pair of 
rollers is preferably made of less deformable and 
heat-resistant materials such as a metal, a hard 
heat-resistant resin and a ceramic, and the another 

75 is preferably made of deformable material when 
being subjected to pressure, for example, a rubber, 
a cloth or a polytetrafluoroethylene resin. 

On the other hand, in the secondary pressuring 
process, the top portions of the conductive bumps 

20 that pierced into the synthetic resin sheet are plas- 
tic deformed on the conductive metal foil and elec- 
trically connected thereto. In the secondary pres- 
suring process, it is not always necessary to heat, 
but it is allowable to heat as in the primary pressur- 

25 ing process. The conductive metal foil is easily 
joined and unified into the synthetic resin sheet by 
the welding and hardening effects of the resin. To 
plastic-deform the top portions of the conductive 
bumps pierced into the synthetic resin sheet, pres- 

30 sure applying members made of a metal, a hard 
and heat resisting resin, or a ceramic is used as a 
material that is less deformed. In this secondary 
pressuring process, although a plane press is wide- 
ly used, a roller system used in the primary kpres- 

35 suring process may be used. 

In the case of the inter-connector as the circuit 
device according to the present invention, conduc- 
tive wiring parts that vertically pierce an insulating 
synthetic resin sheet are formed in neariy circular 

40 cone shape. Thus, conductive wiring parts that are 
fine through-type can be easily and precisely fal> 
ricated. In addition, the conductive wiring parts 
remarkably contribute to improving reliablility of 
electrical connections between both the surfaces. 

45 In other words, the conductive wiring parts contri- 
bute to size reduction and functional improvement 
as well as the function of the inter-connector with 
high reliability. 

In the case of the printed wiring board and its 

50 fabrication method according to the present inven- 
tion, in the primary pressuring process, the top 
portions of the conductive bumps that are precisely 
and securely pierced into the synthetic resin sheet 
at predetermined positions while the resin compo- 

55 nent is plastic deformed or the synthetic resin 
sheet is heated at a temperature exceeding a glass 
transition temperature. In the secondary pressuring 
process, the synthetic resin sheet is plastic de- 
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formed and the top portions of the conductive 
bumps are plastic deformed on the conductive 
metal foil. Thus, the conductive bumps are se- 
curely incorporated into the laminate and the wiring 
layers are electrically connected with high reliabil- 
ity. In other words, since electrical connections 
between fine wiring layers can be performed at 
arbitrary positions with simple process and high 
reliability, a printed wiring board with high wiring 
density can be fabricated at low cost. In addition, 
when the connection between the wiring layers is 
carried, connecting holes are not necessary, there- 
by Improving density of wiring and devices. 

These and other objects, features and advan- 
tages of the present invention will become more 
apparent in light of the following detailed descrip- 
tion of a best mode example thereof, as illustrated 
in the accompanying drawings. 

Fig. 1 is a sectional view showing an example of 
a construction of principal portions of an inter- 
connector according to the present invention; 
Fig. 2 is a sectional view showing an example of 
the shape of a nearly circular cone shaped 
conductor that is a principal portion of the Inter- 
connector according to the present invention; 
Fig. 3 is a sectional view schematically showing 
an example of the inter-connector according to 
the present invention; 

Fig. 4A, Fig. 4B. Fig. 4C. and Fig. 4D are side 
views showing examples of the neariy circular 
cone shaped conductors that have different 
shapes, which are principal portions of the inter- 
connector according to the present invention; 
Fig. 5A and Fig. 5B are sectional views sche- 
matically showing fabrication steps of a printed 
wiring board according to the present invention; 
Fig. 6A and Rg, 6B are sectional views sche- 
matically showing an example of layers of a 
synthetic resin sheet and a supporting member 
with conductive bumps in a primary pressuring 
process of the fabrication method according to 
the present Invention; 

Fig. 7A and Fig. 78 are sectional views showing 
the shape of the conductive bumps inserted into 
the synthetic resin sheet by a heat press in the 
primary pressuring process of the fabrication 
method of the printed wiring board according to 
the present invention; 

Fig. 8A and Fig. 88 are sectional views showing 
an example of layers of a synthetic resin sheet 
and a supporting member with conductive 
bumps in a secondary pressuring process of the 
fabrication method according to the present in- 
vention; 

Rg. 9A and Rg. 98 are sectional views showing 
conductive wiring parts formed of the conductive 
bumps inserted into the syntiietic resin sheet by 
tile heat press in tiie secondary pressuring pro- 



cess and disposed between copper foils in the 
fabrication method of the multiple printed wiring 
board according to the present invention; 
Fig. IDA and Fig. 108 are sectional views sche- 
5 matlcally showing fabrication steps of a fabrica- 
tion method of a multiple printed wiring board 
according to an example of the present Inven- 
tion; 

Fig. 1 1 is a sectional view schematically show- 
10 ing a fabrication step of a fabrication method of 
a printed wiring board according to an example 
of the present invention; 

Fig. 12 Is a sectional view schematically show- 
ing a fabrication step of a fabrication method of 
75 a printed wiring board according to an example 
of the present invention; 

Fig. 13 is a sectional view schematically show- 
ing a fabrication step of a fabrication method of 
a printed wiring board according to an example 

20 of the present invention; 

Rg. 14 is a sectional view schematically show- 
ing a fabrication step of a fabrication method of 
a printed wiring board according to an example 
of the present invention; 

25 Fig. 15A and Fig. 158 are sectional views sche- 
matically showing fabrication steps of a fabrica- 
tion method of a printed wiring board according 
to an example of the present invention; and 
Fig. 16A and Rg. 168 are sectional views sche- 

30 matlcally showing fabrication steps of a fabrica- 
tion method of a printed wiring board according 
to an example of the present invention; 
Fig. 17A and Fig. 178 are sectional views sche- 
matically showing fabrication steps of a fabrica- 

35 tion method of a printed wiring board according 
to an example of the present invention. 

Embodiment 1 

40 Fig. 1 is a sectional view showing principal 

portions of an embodiment of the construction of 
an inter-connector according to the present Inven- 
tion. Rgs. 2 and 3 are sectional views schemati- 
cally showing the inter-connector according to the 
45 present invention. In Fig. 1 . reference numeral 1 is 
an inter-connector. Reference numeral 2 Is a neariy 
circular cone shaped conductive wiring part (or 
inter-connector element). Reference numeral 3 is a 
copper foil pattern electrically connected and sup- 
so ported to the conductive wiring parts 2. Reference 
numeral 4 is a synthetic resin sheet into which the 
nearly circular cone shaped conductive wiring parts 
2 are pushed and pierced. Top portions of the 
neariy circular cone shaped conductive wiring parts 
55 2 are exposed to the front surface of the syntiietic 
resin sheet 4. The top portions being exposed 
function as connecting terminals. 
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The inter-connector was fabricated In the fol- 
lowing manner. A 35-um thick copper foil pattern 3 
formed on a supporting sheet (not shown), a silver 
based conductive paste containing polysulfone res- 
in that serves as a binder (trade name: thermoset- 
ting conductive paste DW-250H-5, made by 
Hokuriku Toryo Co., Ltd.) and a metal mask of a 
300 um thick stainless steel plate with 0.3-mm 
diameter holes at predetermined positions were 
prepared. The metal mask was aligned and placed 
over the copper foil pattern 3. The conductive 
paste was printed on the metal mask. After the 
printed conductive paste was dried, the same con- 
ductive paste was printed over the same mask in 
the same position three times. Thus, nearly circular 
cone shaped conductive bumps 2 with a height of 
approximately 200 um or less were formed. Fig. 2 
shows the shape of the nearly circular cone shaped 
conductive bump 2 that were formed in such a 
manner. 

Two sheets of lOO-um thick glass-cloth re- 
inforced epoxy resin prepreg (trade name: TLP- 
551, made by Toshiba Chemical Co., Ltd.) were 
prepared as the synthetic resin sheets 4. As shown 
in Rg. 3, the two synthetic resin sheets 4 were 
superposed to form a laminate on the copper foil 
patternd 3 on which the nearly circular cone 
shaped conductive bumps 2 are formed. A 2-mm 
thick silicone rubber sheet that serves as a sup- 
porting member was superposed on the rear sur- 
face of the synthetic resin sheets 4. The resultant 
laminate was placed between heat press plates 
heated at a temperature "of 120*C (not shown). 
After the synthetic resin sheet 4 was plastic de- 
formed, it was pressed at a pressure of 0.3 MPa. 
The laminate was cooled and then removed from 
the heat press plates. By peeling off the supporting 
sheet from the copper pattern 3, the fabrication of 
the inter-connector 1 as shown In Fig. 1 was com- 
pleted. 

A conductive test for the through-type conduc- 
tive wiring parts 2 was performed with a circuit 
tester. The resistance of each conductive wiring 
parts 2 was 0.01 ohms or less. 

In the above-described embodiment, the con- 
ductive bumps 2 were in a nearly circular cone 
shaped. However, the conductive bumps 2 accord- 
ing to the present Invention are not limited to such 
a shape. As shown In Rg. 4A, Rg. 4B. Fig. 4C. and 
Fig. 4D. the conducive bumps 2 may be formed in 
a pyramid shape (Rg. 4A), in a circular cone shape 
with a rounded top portion (Rg. 4B), in a rectangu- 
lar parallelepiped or circular cylinder shape with a 
pyramid shaped top portion or circular cone 
shaped top portion (Rg. 4C), and in a rectangular 
parallelepiped or circular cylinder shape with a 
rounded bottom portion (Rg. 4D). Experimental re- 
sults showed that conductive bumps in various 



shapes (Fig. 4A to Fig. 4D) had the similar oper- 
ations and effects as those of the first embodiment. 

Embodiment 2 

5 

Fig. 5A is a sectional view showing principal 
portions of an embodiment of the construction of a 
printed wiring board according to the present in- 
vention. Fig. 58 is a sectional view showing an 

10 embodiment of the fabrication method of the print- 
ed wiring board of Fig. 5A. 

As shown in Rg. 5A, the printed wiring board 
of the Embodiment 2 is a double-sided printed 
wiring board. In Fig. 5A. reference numeral 4* is a 

15 glass-cloth reinforced epoxy resin sheet layer (In- 
sulating layer). Reference numerals 3 and 3* are 
copper patterns formed on both the surfaces of the 
glass-cloth reinforced epoxy resin sheet layer 4*. 
Reference numeral 2 is a through-type conductive 

20 wiring part that vertically pierces the glass cloth 
reinforced epoxy resin sheet layer 4', thereby elec- 
trically connecting the copper patterns 3 and 3*. 

The top portions of the nearly circular cone 
shaped conductive bumps, which were the through- 

25 type conductive wiring parts 2, were deformed by 
the opposed copper pattern 3* and thereby elec- 
trical connections were made. The resistance of the 
electrical connections by the nearly circular cone 
shaped conductive bumps was 0.01 ohms or less, 

30 which was in a proper level for normal electrical 
circuits. 

Next, an embodiment of the fabrication method 
of the printed wiring board having the above-men- 
tioned construction will be described. 

35 Circular cone shaped concave portions with a 

height of 0.3 mm and a bottom diameter of 0.3 mm 
were formed at predetermined positions of a 2 mm 
thick aluminum plate. Molten eutectic solder was 
poured into the circular cone shaped concave por- 

40 tlons of the aluminum plate and the solder was 
squeegeed with a blade so that the solder was 
deposited only in the circular cone shaped concave 
portions. While the solder was melted, the same 
copper pattern as the embodiment 1 was super- 

45 posed on the solder side. The copper pattern with 
the nearly circular cone shaped conductor bumps 
was formed. As with the embodiment 1, two sheets 
of 100 um thick glass-cloth reinforced epoxy resin 
prepreg (synthetic resin sheets) 4* were super- 

50 posed together so as to form a laminate. The 
copper pattern with the nearly circular cone shaped 
conductor bumps was superposed on the laminate 
of the two synthetic resin sheets 4'. 

As with the embodiment 1, a 2 mm thick sili- 

55 cone rubber sheet that served as a supporting 
member was layered over the rear surface of the 
laminate of the synthetic resin sheets. The resultant 
laminate was placed between heat press plates 



9 



m 



15 EP 0 620 701 A2 16 



(not shown) heated at 120'C. When the laminate 
was plastic deformed, it was pressed with a pres- 
sure of 0.3 MPa. After the lanr^inate was cooled, it 
was removed from the heat press plates. With this 
process, the nearly circular cone shaped conductor 
bumps and the copper foil pattern, which sup- 
ported them, were pushed and pierced into the 
synthetic resin sheets. Thus, the fabrication of an 
inter-connector where the top portions of the nearly 
circular cone shaped conductive bumps were ex- 
posed to the front surface of the synthetic resin 
sheets was completed (as shown In Fig. 1). 

As shown in Fig. 5B. a 35 um thick copper foil 
pattern that had been formed on a supporting sheet 
by etching method was aligned and superposed on 
the through-type conductive wiring parts 2 with the 
exposed top portions of the inter-connector 1. The 
resultant laminate was placed between heat press 
plates (not shown) heated at 170*0. While the 
synthetic resin sheets 4' were plastic deformed by 
heat, it was pressed with a pressure of 1 MPa for 
one hour. Thereafter, the laminate was cooled and 
removed from the heat press plates. The support- 
ing sheets, which supported the copper foil pat- 
terns 3 and 3*. were peeled off. Thus, the fabrica- 
tion of the printed wiring board shown in Fig. 5A 
was completed. 

A conventional electrical test was performed for 
double-sided printed wiring boards fabricated in 
such a method. Test results showed that all the 
double-sided printed wiring boards did not have 
defects in connections and reliability. 

The region of the conductive connecting por- 
tions of the double-sided printed wiring board was 



The metal mask was aligned and placed over 
the polyimide resin sheet 5 and the conductive 
paste was printed over the polyimide resin sheet 5 
through the metal mask. After the conductive paste 

5 was dried, it was printed three times with the same 
mask at the same position. Thus, mountain shaped 
conductive bumps 2 with a height of 200 um or 
less were formed. A 100 um thick polyether imide 
resin film (trade name: Sumiraito FS-1400, made 

70 by Sumitomo Bakeiite Co.. Ltd.) was prepared as a 
synthetic resin sheet 4. As shown In Fig. 6A, the 
supporting sheet 5 was superposed on the syn- 
thetic resin sheet 4 so that the above-mentioned 
conductive bumps 2 were placed on the synthetic 

75 resin sheet 4. A polyimide resin film whose ma- 
terial was the same as the supporting sheet 5 was 
superposed on the rear surface of the synthetic 
resin sheet 4. The resultant laminate was pressed 
with a pressure of 1 MPa. Thereafter, the front and 

20 rear sheets 5 and 6 were peeled off. As shown in 
Fig. 68, the conductive bumps 2 were pushed into 
the synthetic resin sheet 4. The top portions of the 
conductive bumps 2 were deformed by the rear 
sheet 6. Thus, the fabrication of a printed wiring 

25 board with the conductive wiring parts 2\ which 
vertically pierced the synthetic resin sheet 4, was 
completed. 

A conductive test was performed for the 
through-type conductive wiring parts 2* with a cir- 
30 cuit tester. The resistance of all printed wiring 
board tested was 0.01 ohms or less. 

Embodiment 4 

Fig. 7A and Fig. 78 are sectional views sche- 
matically showing a fourth embodiment of the 
present invention. This embodiment is the same as 
the above-described third embodiment except that 
a 35 um thick electrolytic copper foil 5* was used 
instead of a polyimide resin film as the supporting 
sheet 5 and a 35 um thick electrolytic copper foil 
6' was used as the rear sheet (supporting sheet) 6. 
The electrolytic copper foils 5* and 6' had been 
conventionally used for the fabrication of printed 
wiring boards. As shown in Fig. 7A, the electrolytic 
copper foil 5' with conductive bumps formed on a 
main surface thereof, a synthetic resin sheet 4, and 
the electrolytic copper foil 6' were superposed to- 
gether so as to form a laminate. The resultant 
laminate was pressed with a pressure of 1 MPa at 
270 •C. Thus, as shown in Fig. 78, the fabrication 
of a double-sided copper clad substrate with 
through-type conducting lead portions 2' that con- 
nected both the copper foils 5' and 6' was com- 
pleted. A conventional etching resist ink (trade 
name: PSR-4000 H. made by TAIYO INK Co., Ltd.) 
was screen printed on both surfaces of the double- 
sided copper ciad substrate. After the conductive 



vertically cut and observed. Test results showed 35 
that the conductive connecting portions 2' pierced 
between the glass cloth meshes of the synthetic 
resin sheet 4*. In other words, the conductive con- 
necting portions 2' did not break the glass fibers of 
the glass-cloth reinforced sheets. Test results 40 
showed that the double-sided printed wiring board 
provided good electrical characteristics without oc- 
currences of migration caused by breakage of 
glass fibers. 

45 

Embodiment 3 

Fig. 6A and Fig. 68 are sectional views sche- 
matically showing a third embodiment of the 
present invention. In this embodiment, a 50 um so 
thick polyimide (trade name: Kapton Rim made by 
Toray Industry, Inc.) was prepared as a supporting 
sheet 5. In addition, a polymer type silver conduc- 
tive paste (trade name: themnosetting conductive 
paste DW-250H-5, made by Toyo Spinning Co., 55 
Ltd.) and a metal mask made of a 200 um thick 
stainless steel plate with 0.4 mm diameter holes at 
predetermined positions were prepared. 
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pattern portion was masked, the double-sided cop- 
per clad substrate was etched with an etching 
solution of cupric chloride and the resist mask was 
peeled off. Thus, the fabrication of a double-sided 
printed wiring board was completed. 

A conventional electric test was performed for 
double-sided printed wiring boards fabricated in 
such a method. Test results showed that all the 
double-sided printed wiring boards did not have 
defects in connections and reliability. 

A double-sided printed wiring board was fab- 
ricated in the same conditions as the fourth em- 
bodiment except that a zinc-plated copper foil was 
treated with chromic acid so as to deposit a 
cromate layer (3Zn + SCrOa — 3ZnCr04 + 
Cr203) and then treated with epoxy silane (or 
aminosilane). Test results showed that the double- 
sided printed wiring board had excellent solder 
resisting characteristics and peel resistance. The 
conductive pattern was contacted with the synthetic 
rein sheet 4 through the cromate layer and silane 
layer (each of which had a thickness of around 0.01 
um), thereby improving the strength. The top por- 
tions of the conducive connecting portions 2' broke 
the cromate layer, thereby electrically connecting 
the electrolytic copper foils 5' and 6* with newly 
exposed surfaces. 

Embodiment 5 

The fifth embodiment is the same as the Em- 
bodiment 3 except that an electrolytic copper foil 5* 
was used instead of the polyimide resin film as the 
supporting sheet, a 35 um thick electrolytic copper 
foil 6* was used as the rear sheet (support sheet), 
and a 200 um thick prepreg was used as the 
synthetic resin sheet 4. The prepreg was formed 
by coating epoxy resin on a glass cloth. As shown 
in Rg. 7A, an electrolytic copper foil 5* and the like 
were layered so as to form a laminate. The lami- 
nate was press treated in the following conditions. 
Thus, the fabrication of a double-sided copper clad 
substrate with through-type conductive lead por- 
tions 2' that connected the copper foils 5' and 6' 
was completed. In the press process, the laminate 
was placed between press heat plates and then 
heated. When the temperature of the laminate be- 
came 120'C, it was pressured with a pressure of 2 
MPa. In this state, the laminate was further heated 
until the temperature became 170 *€. The laminate 
was kept at 170*C for one hour. Thereafter, the 
laminate was cooled and removed from the heat 
press plates. 

A conventional etching resist ink (trade name: 
PSR-4000 H, made by TAIYO INK Co., Ltd.) was 
screen printed on both the surfaces of the double- 
sided copper foil board so as to mask conductive 
pattern portions. The conductive pattem portions 



were etched with an etching solution of cupric 
chloride. Thereafter, the resist masks were peeled 
off from the double-sided copper clad substrate. 
Thus, the fabrication of a double-sided printed wir- 

5 ing board was completed. A conventional electrical 
test was performed for double-sided printed wiring 
boards fabricated in such a method. Test results 
showed that the double-sided printed wiring boards 
did not have defects in connections and reliability. 

10 In addition, to evaluate connections between both 
conductive patterns. 500 cycles of hot oil test (in 
each cycle, the double-sided printed wiring board 
was dipped in oil heated at 260 'C for 10 seconds 
and then the board was dipped in oil at 20 * C for 

75 20 seconds) were performed. Test results showed 
that the double-sided printed wiring board did not 
have defects. Thus, the reliability of connections 
between the conductive (wiring) pattern layers was 
much superior to a double-sided printed wiring 

20 board fabricated by a conventional copper plating 
method. 

Embodiment 6 

25 Fig. 8A and Fig. 8B are sectional views sche- 

matically showing embodiment 6 of the present 
invention. In this embodiment, a 120 um thick 
synthetic resin sheet 4 was formed by laminating a 
PPS resin (trade name: TORERINA 3000, made by 

30 Toray Industry, Inc.) on a glass cloth. A conductive 
paste that was made of silver powder with an 
average diameter of 1 um and polysulfone resin 
was printed on both main surfaces of the synthetic 
resin sheet 4 with a stainless screen of 300 

35 meshes. Thus, a required conductive pattern 7 was 
formed. Thereafter, 0.4 mm square. 80 um high 
conductive bumps 2 were formed at predetermined 
positions of the conductive pattem 7 with a stain- 
less screen of 180 meshes. 

40 As shown in Fig. 8A. the synthetic resin sheet 

4 with conductive bumps 2 that connected layers 
were sandwitched with polyimide resin sheets 6 
that served as supporting members. The resultant 
laminate was press treated at 295 'C. Thereafter, 

45 the polyimide resin sheets 8 were peeled off from 
the laminate. Thus, the fabrication of a double- 
sided printed wiring board with through-type con- 
ductive lead portions 2* that connected the conduc- 
tive patterns on both the surfaces was completed. 

50 A conventional electric test was performed for 
double-sided printed wiring boards fabricated In 
such a method. Test results showed that the dou- 
ble-sided printed wiring boards did not have de- 
fects in connections and reliability. 

55 0.4 mm square, 80 um high conductive bumps 
were formed over one or both main surfaces of the 
synthetic resin sheet 4 with a stainless screen of 
180 meshes. The resultant laminate was sand- 
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witched with polyimide resin sheets 6 that served 
as supporting members. The resultant laminate 
was press treated at 295 'C. Thereafter, the 
polyimide resin sheets 6 were peeled off from the 
laminate. Thus, the fabrication of a substrate with 
conductive lead portions 2* that pierced both the 
surfaces was completed. Conductive patterns that 
connected the exposed conductive lead portions 2' 
were formed on both the main surfaces of the 
substrate. In other words, a conductive paste made 
of silver powder with an average particle diameter 
of 1 nm and polysulfone resin was printed on both 
the main surfaces of the substrate with a stainless 
screen of 300 meshes. Thus, the fabrication of a 
double-sided printed wiring board was completed. 
A conventional electric test was performed for dou- 
ble-sided printed wiring boards fabricated in such a 
method. Test results showed that the double- sided 
printed wiring boards did not have defects in con- 
nections and reliability. 

Embodiment 7 

Fig. 9A and Fig. 9B are sectional views sche- 
matically showing the embodiment 7 of the present 
invention. A double-sided wiring board fabricated in 
the same method as the embodiment 5 was sand- 
wiched with 100 um thick glass-cioth reinforced 
epoxy resin prepreg sheets 4, The resultant lami- 
nate was sandwiched with copper foils 5' with 
conductive bumps 2. The copper foils 5' were the 
same as those used in the embodiment 5. The 
resultant laminate was heat-press treated in the 
same conditions as the emt)odiment 5. Thus, the 
fabrication of a four layer copper clad substrate 
where the inner conductive patterns 7 were con- 
nected each other and they were connected to the 
copper foil 5* on the front surface was fabricated. 

A conventional etching resist ink (trade name: 
PSR- 4000 H. made by TAIYO INK Co.. Ltd.) was 
screen printed on both outer surfaces of the four 
layer copper clad substrate and conductive pattern 
portions on both the outer surfaces of the four layer 
copper clad substrate were masked. The patterns 
were etched with an etching solution of cupric 
chloride. Thereafter, the resist masks were peeled 
off. Thus, the fabrication of a four layer printed 
wiring board was completed. A conventional elec- 
tric test was performed for four layer printed wiring 
boards fabricated In such a method. Test results 
showed that the four layer printed wiring boards did 
not have defects in connections and reliability. In 
addition, to evaluate connections between both the 
conductive patterns, 500 cycles of hot oil test (in 
each cycle, the four layer printed wiring board was 
dipped in oil heated at 260 *C for 10 seconds and 
then the board was dipped in oil at 20 *C for 20 
seconds) were performed. Test results showed that 



the four layer printed wiring board did not have 
defects. Thus, the reliability of connections be- 
tween the conductive (wiring) pattern layers was 
much superior to a four layer printed wiring board 
5 fabricated by a conventional copper plating meth- 
od. 

Embodiment 8 

10 Fig. 10A and Fig. 10B are sectional views 

schematically showing the embodiment 8 of the 
present invention. 

Copper foils 7' and 7" with conductive bumps 
2 formed at least on one surface of a conductive 

75 pattern having a predetermined construction 
(shape) were prepared as supporting sheets. And 
thereafter the height of the conductive bumps 2 on 
the copper foil 7" was neariy twice as large as the 
height of the conductive bumps 2 on the copper 

20 foil 7'. In addition, a 100 um thick prepreg 4 that 
was the same type as that used in the fifth embodi- 
ment, a 35 um thick electrolytic copper foil 5*, and 
a 35 um thick electrolytic copper foil 6 that served 
as a rear sheet (supporting member) were pre- 
ss pared. As shown in Fig. 10A. these materials were 
layered so as to form a laminate. The resultant 
laminate was heat-press treated in the same con- 
ditions as those of the embodiment 5. As shown in 
Rg. 10B, the fabrication of a double-sided copper 

30 clad substrate where the inner conductive patterns 
7' and 7" were connected each other and they 
were connected to the copper foil 5* on the front 
surface was completed. 

A conventional etching resist ink (trade name: 

36 PSR-4000 H, made by TAIYO INK Co., Ltd.) was 
screen printed on both surfaces of the double- 
sided copper clad substrate and conductive pattern 
portions were masked on both the surfaces of the 
double-sided copper clad substrate. The patterns 

40 were etched with an etching solution of cupric 
chloride. Thereafter, the resist masks were peeled 
off. Thus, the fabrication of a double-sided printed 
wiring board was completed. A conventional elec- 
tric test was performed for double-sided printed 

45 wiring boards fabricated in such a method. Test 
results showed that the double-sided printed wiring 
boards did not have defects in connections and 
reliability. In addition, to evaluate connections be- 
tween both conductive patterns, 500 cycles of hot 

50 oil test (in each cycle, the double-sided printed 
wiring board was dipped in oil heated at 260 • C for 
1 0 seconds and then the board was dipped in oil at 
20 • C for 20 seconds) were performed. Test results 
showed that the double-sided printed wiring board 

55 did not have defects. Thus, the reliability of con- 
nections between the conductive (wiring) pattern 
layers was much superior to a double-sided printed 
wiring board fabricated by a conventional copper 
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plating method. 
Embodiment 9 

An embodiment 9 according to the present 
invention is a fabrication method of a printed wiring 
board. This embodiment is basically the same as 
the embodiment 4 except for the construction of 
conductive bumps. Thus, the embodiment 9 will be 
descried with reference to Fig. 7A and Fig. 7B. In 
this embodiment, a 35 um thick conventional elec- 
trolytic copper foil 5' was used Instead of a 
polyimide resin film as a supporting sheet 5. A 
plating resist was printed on the rear surface of the 
copper foil 5' so that exposed regions with a diam- 
eter of 0.2 mm were left at predetermined posi- 
tions. Copper plating process and nickel plating 
process were performed in this order so as to form 
a copper layer of approximately ICQ urn thick and 
a nickel layer of approximately 10 urn thick. Thus, 
conductive bumps with a total of approximately 110 
um were formed. Except that a copper foil 5* with 
conductive bumps formed by the above-mentioned 
plating method and a 35 um thick electrolytic cop- 
per foil 6' as a rear sheet (supporting member) 6 
were used, in the same method as the embodiment 
3, a laminate was formed as shown in Fig. 7A. The 
laminate was press treated In the same conditions 
as the third embodiment. Thus, as shown in Fig. 
7B, the fabrication of a double-sided copper clad 
substrate with through-type conductive lead por- 
tions 2' that connected the copper foils 5' and 6' 
was completed. 

A conventional etching resist ink (trade name: 
PSR-4000 H, made by TAIYO INK Co.. Ltd.) was 
screen printed on both the surfaces of the double- 
sided copper foil board and conductive pattern 
portions were masked. The board was etched with 
an etching solution of cupric chloride. Thereafter, 
the resist masks were peeled off from the double- 
sided copper clad substrate. Thus, the fabrication 
of a double-sided printed wiring board was com- 
pleted. A conventional electrical test was performed 
for double-sided printed wiring boards fabricated in 
such a method. Test results showed that the dou- 
ble-sided printed wiring boards did not have de- 
fects In connections and reliability. Unlike with the 
method of this embodiment, when conductive 
bumps were formed through solder resist masks by 
a solder dip method, the similar results were ob- 
tained. Even if conductive bumps made of conduc- 
tive compound were formed by the above-men- 
tioned plating method, a printed wiring board with 
wiring layers that were connected could be fab- 
ricated. 



Embodiment 10 

Figs. 11, 12, 13, and 14 are sectional views 
schematically showing an embodiment 10 of the 

5 present invention, A 35 um thick electrolytic cop- 
per foil that had been widely used for the fabrica- 
tion of printed wiring boards was prepared as a 
supporting sheet. A silver type conductive paste 
(trade name: UNIMEKKU H9141, made by 

10 Hokuriku Toryo Co., Ltd.) with a binder made of 
poiyether sulfone and a metal mask made of a 200 
um thick stainless steel with 0.3 mm diameter 
holes at predetermined positions were prepared. 
The metal mask was aligned and placed on the 

75 copper foil (supporting sheet) 5* and the conductive 
paste was printed over the metal mask. After the 
copper foil was dried, the conductive paste was 
printed three times with the same mask at the 
same positions. Thus, circular cone shaped bumps 

20 2 with a thickness of a little under 200 um or less 
were formed. 

A 100 um thick poiyether imide resin film 
(trade name: Sumlraito FS-1400, made by 
Sumitomo Bakelite Co.. Ltd.) was prepared as a 

25 synthetic resin sheet 4. As shown in Fig. 11, the 
synthetic resin sheet 4 was aligned and super- 
posed on the supporting sheet 5' so that the con- 
ductive bumps 2 were placed on the synthetic 
resin sheet 4. Thereafter, a silicone rubber plate 

30 with a thickness of approximately 3 mm that served 
as a pressure receiving member 8 was placed on 
the rear surface of the synthetic resin sheet 4 and 
a supporting member 6 was placed thereon. The 
resultant laminate was placed in a press unit with 

35 heating, pressuring, and cooling mechanisms. The 
laminate was heated, not pressured. When the 
temperature of the laminate became 250 • C, it was 
pressured with a primary pressure of 3 MPa (as a 
primary pressuring process) and cooled. As shown 

40 in Rg. 12. with the primary pressure, a laminate 
with the conductive bumps 2 that precisely pierced 
the synthetic resin sheet 4 was fabricated. 

Next, as shown in Fig. 13. a 35 um thick 
electrolytic copper foil 6' was superposed on the 

45 surface into which the top portions of the conduc- 
tive bumps 2 were pierced. In addition, a polyimide 
resin film that served as a protecting film (support- 
ing member) 6 was superposed on the copper foil 
6\ Thereafter, the resultant laminate was placed 

50 between heat press plates heated at 270 'C (not 
shown). The laminate was pressed with a pressure 
of 500 kPa. When the temperature of the synthetic 
resin sheet 4 became 270 'C, the laminate was 
pressed with a pressure of 2 MPa as a secondary 

55 pressuring process. While the laminate was 
pressed with the secondary pressuring process, it 
was cooled. The laminate 4 was removed from the 
heat press plates and then the protecting films 
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(sheets) were peeled off. Thus, as shown in Fig. 
14, a unified laminate where the copper foil 6' was 
adhered was fabricated. The top portions of the 
conductive bumps 2 that pierced the synthetic res- 
in sheet 4 were plastic deformed on the surface of 
the copper foil 6'. Thus, the conductive bumps 2 
were connected to the surface of the copper foil 6'. 
Consequently, the fabrication of a double-sided 
copper clad substrate for a printed wiring board 
with conductive lead portions 2' that vertically 
pierced the synthetic resin sheet 4 was completed. 

A conventional etching resist ink (trade name: 
PSR-4000 H, made by TAIYO INK Co.. Ltd.) was 
screen printed on both the surfaces of the double- 
sided copper clad substrate and conductive pattern 
portions were masked. The board was etched with 
an etching solution of cupric chloride. Thereafter, 
the resist masks were peeled off from the double- 
sided copper clad substrate. Thus, the fabrication 
of a double-sided printed wiring board was com- 
pleted. A conventional electrical test was performed 
for double-sided printed wiring boards fabricated In 
such a method. Test results showed that the dou- 
ble-sided printed wiring boards did not have de- 
fects In connections and reliability. 

In this embodiment, when an aluminum foil 
with a thickness of approximately 15 um was 
placed between the pressure receiving member 8 
and the synthetic resin sheet 4 in the primary 
pressuring process, the conductive bumps 2 se- 
curely pierced the synthetic resin sheet 4 with high 
position accuracy, in addition, the synthetic resin 
sheet 4 in the vicinity of the conductive connecting 
portions 2* could be securely prevented from being 
swelled. 

A double-sided printed wiring board was fab- 
ricated in the same conditions as the embodiment 
4 except that a zinc-plated copper foil was treated 
with chromic acid so as to deposit a cremate layer 
(3Zn + SCrOa — SZnCrO* + Cr2 03) and then 
treated with epoxy silane (or aminosilane). Test 
results showed that this double-sided printed wiring 
board had excellent solder resisting characteristics 
and peel resistance. The conductive pattern was 
contacted with the synthetic resin sheet 4 through 
the cromate layer and siiane layer (each of which 
had a thickness of around 0.01 um), thereby Im- 
proving the strength. The top portions of the con- 
ductive connecting portions 2' broke the cromate 
layer, thereby electrically connecting the electro- 
lytic copper foils 5' and 6* with newly formed 
surfaces. 

Embodiment 1 1 

Rg. 15A and Rg. 15B are sectional views 
schematically showing an embodiment 11 of the 
present Invention. In this embodiment, a single- 



sided copper clad substrate for a printed wiring 
board was fabricated in the similar method as the 
embodiment 10 except that a 50 um thick 
polyimide resin film was used as a supporting 

5 sheet 5. In other words, the laminate was press 
treated with primary pressuring process and secon- 
dary pressuring process. As shown in Fig. 15B, the 
top portions of the conductor bumps 2 were plastic 
deformed and thereby they were densely connect- 

10 ed to the copper foil 6'. Thus, the fabrication of a 
single-sided copper clad substrate for a printed 
wiring board with conductive lead portions 2* that 
vertically pierced the synthetic resin sheet 4 was 
completed. 

15 A conventional etching resist ink (trade name: 
PSR-4000 H. made by TAIYO INK Co., Ltd.) was 
screen printed on the surface of the copper foil 6' 
of the substrate and a conductive pattern portion 
was masked. The substrate was etched with an 

20 etching solution of cupric chloride. Thereafter, the 
resist mask was peeled off from the copper clad 
substrate. Thus, the fabrication of a single-sided 
printed wiring board was completed. A conventional 
electrical test was performed for printed wiring 

25 boards fabricated in such a method. Test results 
showed that the printed wiring boards did not have 
defects In connections and reliability. 

The printed wiring board with conductive lead 
portions 2' that are exposed and pierce the main 

30 surface can be used for connection pads, lead 
terminals, and the like. For example, this printed 
wiring board is suitable for constructing a rear- 
surface mounting type circuit devices. 

35 Embodiment 12 

An embodiment 12 according to the present 
invention is the same as the embodiment 10 ex- 
cept that a 200 um thick prepreg 4', where epoxy 

40 resin was dipped into a glass cloth, was used for a 
synthetic resin sheet 4. In other words, a laminate 
used in the embodiment 10 was placed In a press 
unit (as a primary pressuring process). The lami- 
nate was heated until the temperature thereof be- 

45 came 120*C. When the temperature of the lami- 
nate became 120*C, it was pressured with a pres- 
sure of 2 MPa. Thereafter, the laminate was cooled 
and removed from the press unit. A copper foil 6' 
was superposed on the laminate and then placed in 

50 the press unit. The laminate was heated and pres- 
sured with a pressure of 2 MPa. Thereafter, the 
temperature of the laminate was kept at 170* C for 
one hour. The laminate was cooled and removed 
from the press unit (as a secondary pressuring 

55 process). Thus, the fabrication of a double-side 
copper clad substrate for a printed wiring board 
with conductive lead portions 2' that pierced cop- 
per foils 5* and 6' was completed. 
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A conventional etching resist ink (trade name: 
PSR-4000 H. made by TAIYO INK Co., Ltd.) was 
screen printed on both surfaces of the double- 
sided copper clad substrate and conductive pattern 
portions were masked. The substrate was etched 
with an etching solution of cupric chloride. There- 
after, the resist masks were peeled off. Thus, the 
fabrication of a double-sided printed wiring board 
was complete. A conventional electric test was 
performed for double-sided printed wiring boards 
fabricated in such a method. Test results showed 
that the double-sided printed wiring boards did not 
have defects in connections and reliability. In addi- 
tion, to evaluate connections between both conduc- 
tive patterns, 500 cycles of hot oil test (in each 
cycle, the double-sided printed wiring board was 
dipped in oil heated at 260 *C for 10 seconds and 
then the board was dipped in oil at 20 *C for. 20 
seconds) were performed. Test results showed that 
the double-sided printed wiring board did not have 
defects. Thus, the reliability of connections be- 
tween the conductive (wiring) pattern layers was 
much superior to a double-sided printed wiring 
board fabricated by a conventional copper plating 
method. 

The conductive connecting portion 2' of the 
double-sided printed wiring board was vertically cut 
and observed. Test results showed that the con- 
ductive connecting portions 2' pierced the glass- 
cloth meshes of the synthetic resin sheet 4\ In 
other words, the conductive connecting portions 2' 
did not break the glass fibers of the glass cloth 
reinforcement sheets. Test results showed that the 
double-sided printed wiring board provided good 
electrical characteristics without occurrence of mi- 
gration caused by breakage of glass fibers. 

Embodiment 13 

Rg. 16A and Fig. 16B are sectional views 
schematically showing the embodiment 13 accord- 
ing to the present invention. In this embodiment, a 
125 um thick, 300 mm wide tape shaped synthetic 
resin sheet 4\ where a PPS resin (trade name: 
TORERINA 3000, made by Toray Industry. Inc.) 
was laminating on a 0.4 mm pitch glass cloth, was 
prepared. In addition, a tape 5' with 0.3 mm 
square, 250 tim long conductive bumps was pre- 
pared. The tape 5' was formed by coating a con- 
ductive paste made of silver powder with an aver- 
age particle diameter of 1 um and polysuifone 
resin on one main surface of a 125 um thick, 300 
mm wide tape shaped supporting sheet 5" made of 
an electrolytic copper foil through a metal screen 
with 0.3 diameter holes defined at priedetermined 
positions. Moreover, a 18 um thick. 350 mm wide 
tape shaped electrolytic copper foil 6" and a 15 
um thick, 400 mm wide tape shaped aluminum 9 



were prepared. Furthermore, a first two-roll mill and 
a second two-roll mill were prepared. The first two- 
roil mill was provided with a rubber roller 10 and a 
metal roller 11. The rubber roller 10 functioned as 

5 a pressure receiving member with a heating 
source. The metal roller 11 functioned as a pres- 
sure applying member. The second two-roll mill 
was provided with metal rollers 11' having a pair of 
heat sources. The metal rollers 11* mainly func- 

10 tioned as pressure applying members. 

As shown in Fig. 16A. while the tape shaped 
supporting sheet 5". the tape shaped synthetic 
resin sheet 4\ and the tape shaped aluminum 9 
were pulled out from a roller (not shown), they 

75 were conveyed and pressured between the rubber 
roller 10 and the metal roller 11 (heated at 290 *C) 
of the first two-roll mill. In other words, while the 
supporting sheet 5", the synthetic resin sheet 4', 
and the tape shaped aluminum 9. which were lay- 

20 ered In this order, were conveyed by the first two- 
roll mill, they were pressured by the metal roller 1 1 
as a primary pressuring process. Thus, a laminate 
where the top portions of the bumps 2 on the 
supporting sheet 5'* were pierced into the synthetic 

25 resin sheet 4' was fabricated. When the tape 
shaped aluminum 9 was removed from the lami- 
nate and wound around the roller, the fabrication 
steps that follow become simple. 

The laminate was conveyed and pressed by 

30 the second two-roll mill as a secondary pressuring 
process. In other words, the laminate was con- 
veyed between the metal rollers 11' heated at 
300 * C in the manner that the tape shaped electro- 
lytic copper foil 6' was superposed on exposed top 

35 portions of the bumps 2. When the laminate was 
conveyed between the metal rollers 11*. the syn- 
thetic resin sheet 4* was partially softened and 
thereby unified with the electrolytic copper foil 6". 
On the other hand, the top portions of the bumps 2. 

40 which were pierced and exposed, were plastic de- 
formed and thereby closely connected to the elec- 
trolytic copper foil 6". Thus, the fabrication of a 
substrate for a double-sided printed wiring board 
with conductive lead portions 2' that pierced and 

45 connected the electrolytic copper foils 5" and 6" 
was completed. 

In the same manner as the embodiment 10, the 
substrate for the double-sided printed wiring board 
was patterned. Thus, the fabrication of a double- 
so sided printed wiring board was completed. A con- 
ventional electric test was performed for double- 
sided printed wiring boards fabricated in such a 
method. Test results showed that the double-sided 
printed wiring boards did not have defects in con- 

55 nections and reliability. . 
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Embodiment 14 

Fig. 17A and Fig. 17B are sectional views 
schematically showing the embodiment 14 accord- 
ing to the present invention. 

Conductive paste type wiring patterns T were 
screen printed on both surfaces of a 100 um thick 
glass cloth reinforced epoxy resin sheet 5'. Then, a 
double-sided wiring type supporting member 5 with 
0.3mm diameter 0.3mm high conductive bumps 
which were disposed at the predetermined posi- 
tions on the wiring pattern T was provided. As 
shown in Fig. 17A, the supporting member 5 for a 
double-sided wiring board was interposed between 
two epoxy resin prepreg sheets 4' reinforced with a 
100 urn thick glass cloth so as to form a laminate. 
Two silicone rubber plates 8 that functioned as 
pressure receiving members were layered on both 
the surfaces of the laminate through respective thin 
aluminum foils 9. While the laminate was heated, it 
was pressurized as a primary pressuring process. 
With the primary pressuring process, the top por- 
tions of the conductive bumps 2 on the supporting 
member 5 were pierced vertically into the epoxy 
resin prepreg sheets 4'. 

Electrolytic copper foils 6* and resin films as 
protecting films were superposed on both surfaces 
of the laminates where the top portions of the 
conductive bumps 2 were exposed. The resultant 
laminate was heat-pressed (as a secondary pres- 
suring process) and then cured. With the secon- 
dary pressuring process and the curing process, 
the layers of the conductor pattern 1\ the support- 
ing member 5. and the electrolytic copper foil 6' 
were adhered together. Fig. 17B is a sectional view 
showing a four-layer copper clad substrate for a 
printed wiring board fabricated in such a method. 
The conductive (wiring) pattern 7* was pierced into 
the copper foil 6' on the front surface and thereby 
securely connected thereto. 

A conventional etching resist ink was screen 
printed on both surfaces of the four-layer copper 
clad substrate and conductive pattern portions 
were masked. The patterns were etched with an 
etching solution of cupric chloride. Thereafter, the 
resist masks were peeled off. Thus, the fabrication 
of the four-layer printed wiring board was com- 
pleted. A conventional electric test was performed 
for printed wiring boards fabricated in such a meth- 
od. Test results showed that the printed wiring 
boards did not have defects in connections and 
reliability. In addition, to evaluate connections be- 
tween inner conductive patterns and outer conduc- 
tive patterns, 500 cycles of hot oil test (in each 
cycle, the printed wiring board was dipped in oil 
heated at 260 for 10 seconds and then the 
board was dipped in oil at 20* C for 20 seconds) 
were performed. Test results showed that the print- 



ed wiring board did not have defects. Thus, the 
reliability of connections between the conductive 
(wiring) pattern layers was much superior to a 
printed wiring board fabricated by a conventional 
5 copper plating method. 

Embodiment 15 

Embodiment 15 is a fabrication method of a 

to printed wiring board that is the same as the em- 
bodiment 1 1 except for the construction of conduc- 
tive bumps. Thus, the embodiment 15 will be de- 
scribed with reference to Figs. 13 and 14. In this 
embodiment, a 35 urn thick electrolytic copper foil 

75 5' was used instead of a polyimide resin film as a 
supporting sheet 5. A plating resist was printed on 
a rough surface of the copper foil 5*. Thereafter, a 
layer with 0.3 mm diameter holes disposed at 
predetermined positions was patterned. Next, a 

20 copper plating process and a gold plating process 
were performed thereon. Thus, a 100 um high 
copper layer and a 10 um high gold layer were 
formed at the hole regions. As a result, 110 um 
high conductive bumps 2 were formed on the cop- 

25 per foil 5' as a supporting sheet 5. 

A 100 um thick polyetherimide resin film (trade 
name: Sumiraito FS-1400, made by Sumitomo Ba- 
kelite Co., Ltd.) was prepared as a synthetic resin 
sheet 4. The copper foil 5' and a 15 um thick 

30 aluminum foil were superposed on the synthetic 
resin sheet 4 so that the conductive bumps 2 were 
placed on the synthetic resin sheet 4. A 3 mm 
thick silicone rubber plate 8 as a pressure receiv- 
ing member was layered on the rear surface of the 

35 synthetic resin sheet 4. The rear surface of the 
supporting sheet 5* was pressured with a resin 
pressure of 3 MPa (as a primary pressuring pro- 
cess) while heating at 260 *C. Wrth the primary 
pressuring process, the top portions of the bumps 

40 2 on the copper foil 5' were precisely pierced into 
the synthetic resin sheet 4. 

As shown in Fig. 13, a 16 um electrolytic 
copper foil 6' was layered on the surface on which 
the top portions of the conductive bumps 2 were 

45 exposed. In addition, a polyimide resin film as a 
protecting film 8 was layered over the copper foil 
6'. The resultant laminate was placed between heat 
press plates heated at 270 'C (not shown). While 
the synthetic resin sheet 4 was plastic deformed, 

50 the laminate was pressurized with a pressure of 2 
MPa (as a secondary pressuring process). It was 
cooled while the laminate was pressed in the sec- 
ondary pressuring process, and then removed from 
the heat press plates. The protecting film 8 was 

55 peeled off from the laminate. As shown in Rg. 14, 
the copper foils 5* and 6' were closely adhered 
unified to and incorporated with the synthetic resin 
sheet 4. Thus, the fabrication of a double-sided 
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copper clad substrate for a printed wiring board 
was completed. In this substrate, the top portions 
of the conductive bumps 2 were pierced into the 
synthetic resin sheet 4 and plastic deformed on the 
copper foil 6', thereby forming conductive lead 
portions 2' that vertically pierced the synthetic res- 
in sheet 4 and connected the copper foils 5* and 6'. 

A conventional etching resist ink (trade name: 
PSR- 4000 H. made by TAIYO INK Co.. Ltd.) was 
screen printed on both surfaces of the double- 
sided copper clad substrate and conductive pattern 
portions were masked. The patterns were etched 
with an etching solution of cupric chloride. There- 
after, the resist masks were peeled off. Thus, the 
fabrication of a double-sided printed wiring board 
was completed. A conventional electric test was 
performed for printed wiring boards fabricated in 
such a method. Test results showed that the resis- 
tance of the conductive lead portions was 0.01 
ohms or less and the printed wiring boards did not 
have defects in connections and reliability. 

As a modification of this embodiment, circular 
cone shaped conductive bumps 2 were formed 
through a solder resist mask by solder dipping 
method where a supporting substrate was dipped 
in a solder bath whose temperature was relatively 
low. Test results of this modification were the simi- 
lar to those of the embodiment. In addition, when 
bumps were formed by above-mentioned plating 
method rather than using conductive compounds 
described in the above-described embodiments, 
printed wiring boards with wiring layers connected 
could be fabricated. 

As described above, according to the circuit 
device of the present invention, conductive lead 
portions that vertically pierced an insulating sup- 
porting substrate were formed of for example cir- 
cular cone shaped conductive bumps that were 
pushed and pierced. The circuit device can be 
easily fabricated. In addition, through-type conduc- 
tive lead portions can be securely and precisely 
formed. Moreover, the reliability of electric connec- 
tions of both surfaces of the substrate can be 
remarkably improved. In other words, since drilling 
process, plating process, and the like can be omit- 
ted, defects that take place in fabrication steps can 
be remarkably reduced, thereby increasing the 
yield of the fabrication. On the other hand, inter- 
connections and multi-layer printed wiring boards 
with high reliability can be fabricated. With the 
inter-connections and multi-layer printed wiring 
boards, component mounting density and wiring 
density can be remarkably improved. In addition, 
component mounting areas can be designated re- 
gardless of positions of connecting portions. Thus, 
the distance between each component can be 
shortened, thereby improving the reliability of cir- 
cuits. In other words, the present Invention can 



contribute to not only reducing the cost of inter- 
connections and wiring boards, but also reducing 
the size of circuit devices and improving the perfor- 
mance thereof. 

5 Although the present invention has been shown 

and described with respect to a best mode em- 
bodiment thereof, it should be understood by those 
skilled in the art that the foregoing and various 
other changes, omissions, and additions in the form 

10 and detail thereof may be made therein without 
departing from the spirit and scope of the present 
invention. 

Claims 

75 

1. An inter-connector, comprising: 

a synthetic resin supporting member; and 
aearly circular cone shaped conductive 
lead portions pierced vertically into said syn- 
20 thetic resin supporting member and spaced 

apart from each other, 

wherein a bottom surface of each of said 
circular cone shaped conductive lead portions 
is flatly exposed on one main surface of said 
25 synthetic resin supporting member and top 

portions of said circular cone shaped conduc- 
tive lead portions protrude from other surface 
of said synthetic resin supporting member. 

30 2. The inter-connector as set forth in claim 1 , 

wherein said syntiietic resin supporting 
member is reinforced with an insulating cloth 
or mat, and said conductive lead portions are 
pierced into fiber meshes of said insulating 

35 cloth or mat 

3. A printed wiring board, comprising: 

an insulating synthetic resin supporting 
member; 

40 conductive lead portions pierced vertically 

into said synthetic resin supporting member 
and spaced apart from each other; and 

a wiring pattern connected to at least one 
end of said conductive lead portions, formed 
45 on said synthetic resin supporting member, 

and made of a metal, 

wherein said conductive lead portions are 
connected to said wiring pattern. 

50 4. The printed wiring board as set forth in claim 
3, 

wherein said insulating synthetic resin sup- 
porting member is a synthetic resin supporting 
member reinforced with an insulating cloth or 
55 mat. 

5. The printed wiring board as set forth in claim 
3. 
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wherein a cremate layer and a silane layer 
are interposed between said wiring pattern and 
said insulating synthetic resin supporting nnem- 
ber. 

6. The printed wiring board as set forth in claim 
3. 

wherein said conductive lead portions are 
pierced into fiber meshes of the insulating 
cloth or mat. 

7. The printed wiring board as set forth in claim 
3. 

wherein said conductive lead portions are 
formed of a conductive compound containing 
silver or copper powder. 

8. The printed wiring board as set forth in claim 
3, 

wherein said printed wiring board is a mul- 
tilayer wiring board. 

9. The fabrication method of a printed wiring 
board, comprising the steps of: 

superposing a main surface of a synthetic 
resin sheet on a main surface of a supporting 
member with conductive bumps disposed at 
predetermined positions so as to form a lami- 
nate; and 

pressurizing said laminate and piercing 
said conductive bumps vertically into said syn- 
thetic resin sheet so as to form through-type 
conductive lead portions. 

10- The fabrication method as set force in claim 9, 
wherein said supporting member is a 
peelable insulating film. 

11. The fabrication method as set forth in claim 9, 

v4ierein said supporting member is a con- 
ductive metal layer. 

12. The fabrication method as set forth in claim 9. 

wherein said supporting member is a con- 
ductive metal layer and said main surface of 
said supporting member is treated with 
cremate and silane. 

13. A fabrication method of a printed wiring board, 
comprising the steps of: 

superposing a main surface of a synthetic 
resin sheet on a main surface of a conductive 
metal foil with conductive bumps disposed at 
predetermined positions so as to form a lami- 
nate; 

pressurizing said laminate and piercing 
said conductive bumps vertically Into said syn- 
thetic resin sheet so as to form through-type 



conductive lead portions; and 

etching the conductive metal foil of said 
laminate with said through-type conductive 
lead portions so as to form a wiring pattern 
5 connected to said through-type conductive 

lead portions. 

14. The fabrication method as set forth In claim 13, 

wherein an inner printed wiring board with 
10 at least one wiring pattern surface is inter- 

vened in said printed wiring board. 

15. The fabrication method as set forth in claim 13, 

wherein said synthetic resin sheet is a 
15 synthetic resin sheet reinforced with an insulat- 

ing cloth or mat. 

16. The fabrication method as set forth in claim 13, 

wherein said main surface of said conduc- 
20 tive metal foil is treated with cromate and 

silane. 

17. The fabrication method as set forth in claim 13, 

wherein said synthetic resin sheet is a 
25 synthetic resin sheet reinforced with an Insulat- 

ing cloth or mat and said conductive bumps 
pierces fiber meshes of said insulating cloth or 
mat. 

30 18. A fabrication method of a printed wiring board, 
comprising the steps of: 

superpK>sing a main surface of a synthetic 
resin sheet on a main surface of a supporting 
member with conductive bumps disposed at 

35 predetermined positions so as to form a lami- 

nate; 

superposing a conductive metal foil on 
said synthetic resin sheet of said laminate so 
as to form a superposed laminate; 

40 pressurizing said superposed laminate as 

a primary pressuring process and thereby 
piercing said conductive bumps into said syn- 
theic resin sheet, deforming top portions of 
said conductive bumps and connecting said 

45 top portions to said conductive metal foil so as 

to form through-type conductive lead portions; 
and 

etching said conductive metal foil so as to 
form a wiring pattern of said conductive metal 
50 foil connect^ to the through-type conductive 
lead portions. 

19. A fabrication method of a printed wiring board, 
comprising the steps of: 
55 superposing a main surface of a synthetic 

resin sheet on a main surface of a supporting 
member with conductive bumps disposed at 
predetermined positions so as to fomn a lami- 
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nate; 

superposing an elastic or flexible pressure 
receiving mennber on said synthetic resin 
sheet of said laminate to form a superposed 
laminate, heating said superposed laminate un- 
til a resin component of said synthetic resin 
sheet is plastic deformed or the temperature of 
said synthetic resin sheet exceeds a glass 
transition temperature; 

pressurizing said superposed laminate 
from a supporting member side as a primary 
pressuring process so as to pierce top portions 
of said conductive bumps vertically into said 
synthetic resin sheet and expose said top por- 
tions; 

superposing a conductive metal foil on a 
surface of said synthetic resin sheet where the 
top portions of said conductive bumps are 
exposed to form a superposed member; 

pressurizing said superposed member as 
a secondary pressuring process and thereby 
deforming top portions of said conductive 
bumps and connecting said forward edge por- 
tions to said conductive metal foil so as to 
form through-type conductive lead portions; 
and 

etching said conductive metal foil of said 
superposed member with said through-type 
conductive lead portions so as to form a wiring 
pattern of said conductive metal foil. 

20. The fabrication method as set forth in claim 18 
or 19, 

wherein said synthetic resin sheet is a 
synthetic resin sheet reinforced with an insulat- 
ing cloth or mat. 

21. The fabrication method as set forth in claim 18 
or 19, wherein said supporting member is a 
conductive metal foil. 

22. The fabrication method as set forth in claim 18 
or 19. 

wherein said main surface of said conduc- 
tive metal foil is treated with cremate or silane. 

23. The fabrication method as set forth in claim 18 
or 19. 

wherein said synthetic resin sheet is a 
synthetic resin sheet reinforced with an insulat- 
ing cloth or mat. said conductive bumps 
pierces, and fiber meshes of said insulating 
cloth or mat. 

24. A fabrication method of a printed wiring board, 
comprising the steps of: 

superposing a main surface of a synthetic 
resin sheet on a main front surface of a sup- 



porting member with conductive bumps dis- 
posed at predetermined positions and a thin 
film with low expanding characteristic and high 
breaking characteristic on a main rear surface 

6 of a supporting member to form a laminate; 

superposing an elastic or flexible pressure 
receiving member on a surface of said syn- 
thetic resin sheet of said laminate, heating said 
laminate until a resin component of said syn- 

10 thetic resin sheet is plastic deformed or the 

temperature of said resin component exceeds 
a glass transition temperature; 

pressurizing said heated laminate from a 
supporting member side as a primary pressur- 

75 ing process so as to pierce top portions of said 

conductive bumps vertically into said synthetic 
resin sheet; 

superposing a conductive metal foil on a 
surface of said synthetic resin sheet where the 

20 forward edge portions of said conductive 

bumps are exposed; 

pressurising said metal foil superposed 
member as a secondary pressuring process 
and thereby deforming top portions of said 

25 conductive bumps and connecting said top 

portions to said conductive metal foil so as to 
form through-type conductive lead portions; 
and 

etching said conductive metal foil of said 
30 metal foil superposed member so as to form a 

wiring pattern of said conductive metal foil 
connected to the through-type conductive lead 
portions. 

35 25. The fabrication method as set forth in claim 24, 
wherein said synthetic resin sheet is a 
synthetic resin sheet reinforced with an insulat- 
ing cloth or mat. 

40 26. The fabrication method as set forth in claim 24, 
wherein a main surface of said conductive 
metal foil is treated with cremate and silane. 

27. The fabrication method as set forth in claim 24, 
45 wherein said synthetic resin sheet is a 

synthetic resin sheet reinforced with an insulat- 
ing cloth or mat and forms fiber meshes into 
which said conductive bumps are pierced. 

50 28. A fabrication method of a printed wiring board, 
comprising the steps of: 

superposing a main front surface of a 
prepreg sheet on a main surface of a support- 
ing member with conductive members dispos- 

55 ed at predetermined positions so as to form a 

laminate, said prepreg sheet being reinforced 
with a cloth with pitches larger than the diam- 
eter of each of said conductive bump; 
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superposing an elastic or flexible pressure 
receiving member on a main rear surface of 
said prepreg sheet of said laminate, and heat- 
ing said laminate until a resin component of 
said synthetic resin sheet is plastic deformed 5 
or the temperature of said resin component 
exceeds a glass transition temperature; 

pressurizing said superposed and heated 
supporting member side as a primary pressur- 
ing process so as to pierce top portions of said to 
conductive bumps vertically into said prepreg 
sheet and expose said top portions; 

superposing a conductive metal foil on 
said prepreg sheet where the top portions of 
said conductive bumps are exposed; 75 

pressurizing said metal foil superposed 
member as a secondary pressuring process 
and thereby deforming top portions of said 
conductive bumps and connecting said top 
portions to said conductive metal foil so as to 20 
form through-type conductive lead portions; 
and 

etching said conductive metal foil of said 
metal foil superposed member so as to form a 
v\^iring pattern of said conductive metal foil 25 
connected to the through-type conductive lead 
portions. 

29. The fabrication method as set forth in claim 28, 

wherein a main surface of said conductive 30 
metal foil Is treated with cromate and silane. 

30. The fabrication method as set forth in claim 28, 

wherein said conductive bumps pierce 
meshes of a reinforced cloth of said synthetic 35 
resin sheet. 

31. A fabrication method of a printed wiring board, 
comprising the steps of: 

forming conductive bumps at predeter- 40 
mined positions on at least one main surface 
of a synthetic resin sheet; and 

pressurizing said conductive bumps verti- 
cally into said synthetic resin sheet so as to 
form conductive lead portions that pierce said 45 
synthetic resin sheet. 
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® A supporting member or first synthetic resin 
sheet with conductive bumps (2) disposed at pre- 
determined FMDsitions are superposed on a second 
synthetic resin sheet (4) under the condition that the 
resin component of the second synthetic resin sheet 
is plastic deformed or the temperature thereof ex- 
ceeds a glass transition temperature so that the 



conductive bumps (2) are pierced into the second 
synthetic resin sheet (4). In other words, the conduc- 
tive bumps (2) are pierced vertically into the second 
synthetic resin sheet (4) so as to form through-type 
conducive lead portions exposed to the first (sup- 
porting substrate) and second synthetic resin sheets 
(4). The through-type conductive lead portions are 
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used to electrically connect electric devices and densely formed and disposed by printing method or 
circuit and to connect wiring pattern layers (3,3*). plating method. 
The conductive bumps (2) can be precisely and 
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